Date-tamarind fruit leathers with varied textural characteristics were prepared by drying a paste containing hydrocolloid (starch, pectin, dextrin or guar gum) and water at 70℃ for 28, 42, 56, 70 and 84 h. Hardness, cohesiveness, adhesiveness, springiness, brittleness, resilience, gumminess and chewiness of the blank date-tamarind fruit leather (i.e., without any hydrocolloid) did not show any correlation with the moisture content ranges (29 − 41 g/100 g sample) used in the present study. Hardness and gumminess increased when hydrocolloids were added, while cohesiveness, resilience and springiness decreased. With the exception of dextrin all other hydrocolloids increased chewiness. Principal Component Analysis (PCA) identified 5 principal components (i.e., 5 factors: plasticity, elasticity, hydrocolloids' concentration, resilience, cohesiveness) affecting the characteristics of each date-tamarind fruit leather. The cluster analysis identified 4 classes of the fruit leathers and bi-plot (i.e., including all products and their characteristics), generated through PCA, recognized these classes as hard-chewy, soft-springy, hard-fragile and soft-resilient leathers.
Introduction
Fruit leather refers to fruit rolls or fruit roll-ups which is a confectionery product made by dehydrating fruit pulp into leathery sheets with chewy texture with different degrees of hardness (Hardeep and Satinderpal, 2003; Andress et al., 1999) . Fruit leathers are examples of health food snacks due to their natural ingredients and nutritional contents (Raab and Oehler, 1976) . Five main steps are needed in the process of the fruit leather. These include cooking, spreading the puree, drying, pouching and packaging. More details of the different alternative steps are provided by Vijayanand et al. (2000) , Maskan et al. (2002) and Nas and Nas (1987) . Three primary ingredients are usually used to manufacture fruit leathers. These are: (i) fruit puree, (ii) food additives and (iii) sweeteners. Fruits like chiku, jackfruit, and apple have been popularly used in preparing fruit leathers (Hardeep and Satinderpal, 2003) . Sweeteners generally include corn syrup or sugar such as sucrose, glucose and fructose, and in some products, include both. Various additives may be added to the manufactured fruit leathers; they include partially hydrogenated cottonseed oil, glycerin or diglyceride, hydrocolloids, artificial and natural colors and flavors, and added acids such as acetic and citric acid. Hydrocolloids are important in maintaining desired texture of fruit leathers. They have been used as gelling or thickening agents capable of binding water molecules, thereby enhancing the desired textural properties of foodstuffs (Rascón-Díaz et al., 2012) Instrumental textural characteristics of fruit leather are measured to match with the desired characteristics when different types of hydrocolloids are used (Gujral and Brar, 2003) . Instrumental Texture Profile Analysis showed that high water content increased cohesiveness and decreased springiness of pear fruit leather (Huang and Hsieh, 2005; CheMan and Taufik, 1995) . Hardness of mango and guava leathers decreased with the increase of moisture content (Vijayanand et al., 2000) . Puncture force of mango leather decreased with the increase in water content due to water absorption during storage (Azeredo et al., 2006) . It was observed that using higher pectin content resulted in higher heated at 80℃ for 10 min on a hot plate to allow complete gelatinization and then mixed with mashed date and tamarind. It has been reported in the literature that heating at 80℃ for 15 min was enough to completely gelatinize waxy starch (Maurice et al., 1985) . The moisture content of the puree was determined by oven drying of around 5 g puree at 105℃ for at least 18 h.
The prepared date tamarind puree was poured on a plastic wrap placed inside a stainless steel dish (diameter: 19 cm) (Cling wrap, GLAD company). The edge of the plastic wrap was cut-off so that the surface of the puree will be all exposed during drying. Puree (thickness: 2 cm) in 5 dishes were placed in a cabinet drier initially set at 70℃. The first dish was removed from the drier after 28 h. All remaining dishes were taken out at 14 h interval after the first dish. While drying, the face of the leather was turned over every 14 h. The leather taken out at each interval was wrapped with plastic and placed in a Ziploc ® bag to avoid any moisture exchange until used for TPA. Sample bags were placed in a refrigerator at 4℃ until they were used for instrumental TPA analysis. Samples were identified with a code consisting of a letter and a three digits number. The first letter corresponds to the hydrocolloid name, the first digit indicates the concentration of the hydrocolloid used in the formulation and the last two digits indicate the time of drying of the date-tamarind leather.
For example sample P356 means that the hydrocolloid added hardness, cohesiveness, springiness, and chewiness of pear fruit leather; however the addition of corn syrup caused softening of the fruit leathers (Huang and Hsieh, 2005) . Instrumental hardness and resilience of papaya-tomato fruit leather (75:25 ratio) showed that higher level of pectin and starch concentration (i.e., in combination) increased hardness, while resilience did not show any trend of papaya-tomato fruit leather (75:25 ratio) (Ahmed et al., 2005) . Cellulose increased hardness more as compared to pectin in the leather containing both starch and cellulose (0.5 and 1% concentration), whereas starch lowered hardness as compared to cellulose in the leather containing both pectin and cellulose or starch (1.0% concentration). The extensibility and energy to rupture for mango leather decreased with increasing levels of soy protein concentrate, skim milk powder and sucrose (Gujral and Khanna, 2002) . Tensile strength increased considerably with increasing pectin content and the same was true for increasing glucose syrup content in kiwi fruit leather (Vatthanakul et al., 2010) , and strawberry fruit leather (Ratphitagsanti, 2004) . Dates, the fruit of the date palm Phoenix dactyliferea, are one of the important agricultural commodities in the Middle East region. About 12 different varieties of dates are grown in Oman, and they constitute a significant source of nutrients for the inhabitants (Kasapis et al., 2000) . Among the 12 varieties, five are commercially important and the remaining are low in value due to their low sensory characteristics. In this case, fruit leather could be developed by utilizing the low value fruits and this could provide economic gain and reduce the food waste. Healthy snacks, such as date tamarind fruit leathers could be developed by utilizing locally available date fruit and this could provide a value addition to the low value dates. The use of tamarind in combination with dates could add a sour flavor to the leather and balance the high sweetness of dates. In addition tamarind, high in polysaccharides, is known to form stable gels over a wide pH range, thus less sugar is needed to achieve a desired strength than in corresponding pectin gels (Belitz and Grosh, 1999) . Most of the researches on fruit leathers were conducted using papaya, mango, orange and banana as raw material. Scanty research has been reported using date-tamarind formulation fruit leather. The objective of this study was to develop date-tamarind fruit leather with different types and levels of hydrocolloids; and to measure its hardness, cohesiveness, adhesiveness, springiness, brittleness, resilience, gumminess and chewiness by instrumental texture profile analysis (TPA). The results obtained were compared to the textural characteristics of two commercial types of fruit-leathers (hard-chewy and soft-springy) purchased from the local market.
(FA) as force (N) of food fracture, resilience (RE, ratio of area of first positive peak after the maximum point to base line divided by the area of first positive peak from the initiation to the maximum point, A x and A y ) as the capacity of the sample to fight back to regain its original position, and cohesiveness (CO1, ratio of A 2 and A 1 ) as the internal integrity of the sample. The gumminess (GU1) is defined as the multiplication of HA and CO1, while chewiness (CH1) as the multiplication of GU1 and CO1. Chewiness is used for solid samples and gumminess is used for semisolids. However, the date-tamarind leather samples were close to solids or semisolids based on the formulations, thus we have included and analyzed both the characteristics. The cohesiveness 2 [CO2 = (A 2 − A 4 )/(A 1 − A 3 )] is determined from the ratio after excluding negative areas for the first and second decompressions. GU2 is defined as the multiplication of HA and CO2, CH2 is the multiplication of GU2 and CO2, CH3 is the multiplication of GU1 and CO2, and CH4 is the multiplication of GU2 and CO1, respectively. Springiness 1 (SP1) was defined as the distance (x) from start of second compression to the peak (s), while springiness 2 (SP2) is considered as the ratio of the distance (x/y) from the start of the second compression to its peak and the distance from the start of the first compression to its peak (Rahman and Al-Mahrouqi, 2009 ).
Statistical analysis The statistical significance correlations of differences mechanical properties with water content were determined by PAST software (PAleontological STatistics) and p values were reported. Two multivariate exploratory methods (i.e., clustering and principal component analysis) were used to identify overall change in texture of different types of date-tamarind leather formulations. Both analyses were performed with PAST software (i). For both Cluster Analysis and Principal Component Analysis, each characteristic was standardized to remove undesired effects related to the size of the measurement by first subtracting the mean from the observed values and then dividing by the standard deviation of that particular characteristic. A hierarchical clustering using Ward's method (Ward, 1963) of variance minimization within groups was applied to the 13 characteristics measured by TPA. The number and the composition of the clusters retained were estimated by visual observation.
Results and Discussion
Instrumental texture profile analysis (TPA) Date tamarind leathers were dried for 28, 42, 56, 70 and 84 h. Tables 1  and 2 show the textural attributes of date-tamarind fruit leather with starch and pectin. The moisture content decreased with the increase of drying time (Tables 1 and 2) . A typical plot of the two cycles compression and decompression force as a function of time is shown in Figure 1 . The positive areas was pectin at a concentration of 3 g/100 g puree and the drying time of the leather was 56 h. The blank was identified by the letter B and commercial ones by C followed by the letters G for grapes, M for mango, O for orange and S for strawberries.
Instrumental texture profile analysis (TPA) Two compression-decompression cycles of instrumental TPA was conducted using a Texture Analyzer (Model TAXT2, Stable Microsystems Ltd., Godalming, Surrey, UK). The texture analyzer was attached to the computer software "Texture Expert". In order to measure the instrumental TPA, fruit leathers were taken out from the refrigerator previously, and kept at room temperature for about 30 min. The square shaped leather was cut into 10 samples of 1.5 × 1.5 cm with a thickness of 1 cm. The sample was then placed on the center of the TPA instrument's platform and it was compressed twice to 75% of the original height at a compression rate of 1 mm/s at room temperature (20℃). The duration between first and second compression was 20 s. The pre and post-test speed of compression was 5 mm/s. At least 10 replicates were made for each leather sample.
The compression-decompression cycles provided a forcetime graph and led to the extraction of eight parameters (Figure 1 ): hardness (HA), cohesiveness (CO), adhesiveness (AD), springiness (SP), brittleness or fracturability (FA), resilience (RE), gumminess (GU) and chewiness (CH) (Rahman and Al-Farsi, 2005) . Hardness (HA) is defined as the force (N) needed to attain a given deformation, adhesiveness (AD, area A 3 ) as the work (N s) needed to overcome the attractive force between food and place surface, fracturability 
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1.7 ± 0.6 0.15 ± 0.01 0.14 ± 0.04 0.10 ± 0.01 1.9 ± 0.2 0.34 ± 0.07 9.5 ± 3.8 9.5 ± 3.8 53.3 ± 21.8 3.8 ± 0.9 64.0 ± 19.1 3.3 ± 1.4 P328 40.8 16.7 ± 2.7 18.8 ± 5. (A 1 and A 2 ) are for the compression cycles and the negative areas (A 3 and A 4 ) are for the decompression cycles. Initial statistical analysis showed no significant improvement of SP2 as compared to SP1, GU2 as compared to the GU1, and CH2, CH3, CH4 as compared to CH1 (p < 0.05). Thus only original definitions of SP1, GU1, and CH1 were used for further analysis. Hardness and gumminess increased with the addition of hydrocolloids while cohesiveness, resilience and springiness decreased. Considering the correlation analysis, hardness and gumminess of date-tamarind leather increased with an increase in hydrocolloid concentration except for dextrin, which had an opposite effect. Hardness was highest in date leather containing pectin followed by guar gum, starch and least in dextrin. Gumminess was highest in datetamarind leather containing guar gum followed by pectin, starch and least in dextrin Correlation between ingredients and mechanical characteristics When starch was used, the moisture content showed significant correlation with all mechanical characteristics (i.e., fracturability, hardness, cohesiveness, adhesiveness, springiness, resilience, gumminess and chewiness), while only chewiness (CH1) characteristics showed correlation with concentration of hydrocolloids (p < 0.05). Fracturability showed significant correlations with hardness, adhesiveness, cohesiveness 1, resilient, springiness 1, gumminess 1, and chewiness 1 (p < 0.01). Similar correlations were also observed for hardness (p < 0.01). Adhesiveness correlated with all other characteristics except resilience and springiness 1 (p < 0.05). Cohesiveness 1 showed significant effect on all characteristics except adhesiveness (p < 0.05). Resilience showed significant correlation with fracturability, hardness, cohesiveness 1, gumminess 1 (p < 0.05), while springiness 1 showed correlation with all other characteristics except chewiness 1 (p < 0.05), and gumminess 1 and cohesiveness 1 correlated with all characteristics except resilient and springiness 1 (p < 0.05).
In the case of pectin, moisture content showed significant correlation with fracturability, hardness, springiness 1, gumminess 1 and chewiness 1, while only adhesiveness and resilience showed correlation with concentration of hydro-colloids. Fracturability (and hardness) showed significant correlation with hardness (or fracturability), springiness 1, gumminess 1, and chewiness 1 (p < 0.05). Adhesiveness showed no correlations with all TPA characteristics (p < 0.01), while cohesiveness 1 showed correlations only with gumminess 1 (p < 0.05), and resilience showed correlations with fracturability and hardness (p < 0.05). Springiness 1 and gumminess 1 showed correlations with cohesiveness 1, fracturability and hardness (p < 0.05), chewiness 1 showed correlations with gumminess 1, fracturability and hardness (p < 0.001).
In the case of dextrin, moisture content showed significant correlation with fracturability, hardness, adhesiveness, resilience, gumminess 1 and chewiness 1, while dextrin concentration showed correlations with cohesiveness 1 and springiness 1 (p < 0.01). Fracturability and hardness showed correlations with all TPA attributes except springiness 1 (p < 0.001). Adhesiveness showed correlations with all TPA characteristics except springiness 1 and cohesiveness 1 (p < 0.05), while cohesiveness 1 correlated with springiness 1, fracturability and hardness (p < 0.05). Resilience correlated with all TPA characteristics except springiness 1 and cohesiveness 1 (p < 0.001). Springiness 1 correlated only with cohesiveness 1 (p < 0.001). Gumminess 1 and chewiness 1 correlated with all TPA attributes except springiness 1 and cohesiveness 1 (p < 0.001).
In the case of guar gum, moisture content showed significant correlation with fracturability, hardness, and resilience, while guar gum concentration showed correlations with only adhesiveness (p < 0.01). Fracturability and hardness showed correlations with all TPA attributes except resilience (p < 0.001). All other TPA attributes did not show any inter correlations with each other (p < 0.05). However, hydrocolloids at 3% concentration produced a foamy and soft puree even after 84 h of drying, thus it did not form leather. The above results indicated that each hydrocolloid affected the mechanical characteristic differently, thus cluster and principal component analysis were performed to characterize the datetamarind fruit leather.
Mechanical characteristic of blank date-tamarind (i.e., no hydrocolloids) leather did not show any correlation with moisture content ranging from 41 to 29 g/100 g leather, except resilience (p > 0.05). Rahman and Al-Farsi (2005) measured the mechanical characteristics of date as a function of moisture content and found maximum values at critical moisture content of 21.5 g/100 g below the critical moisture content there was a sharp decrease in the characteristic values.
Effects of different hydrocolloids The effect of different hydrocolloids on the mechanical characteristic were evaluated and compared with blank (i.e., without hydrocolloids) using leathers at moisture content 30 ± 5 g/100 g (wet basis). Results are presented in Table 2 . Addition of hydrocolloids resulted in higher hardness, gumminess and chewiness, except for chewiness in the case of dextrin, and in lower cohesiveness, resilience and springiness. Each hydrocolloid affected the characteristics in a different pattern. All hydrocolloids gave leathers with higher hardness than the blank. However, pectin gave leathers with the highest hardness followed by starch, guar gum and dextrin. Hardness of datetamarind fruit leather with pectin was nearly 4 times higher than that of dextrin and 2 times higher than that of starch and guar gum. Similarly pectin and starch in combination increased hardness of date paste as compared to blank (i.e., without hydrocolloids) (Ahmed et al., 2005) . Higher pectin content resulted in higher hardness, cohesiveness, springiness and chewiness, thus pectin level could be reduced to obtain a softer and more appealing fruit leather (Huang and Hsieh, 2005) . Goksel et al. (2011) found that hardness, gumminess, and chewiness values of grape molasses increased with the starch concentration and temperature. This was mainly due to the formation of gels with increasing gelatinized starch content. Similar to our results for dextrin, Baixauli et al. (2003) reported that addition of dextrin caused a significant decrease in peak force of fried batter coating, indicating reduced hardness of the samples. The higher hardness values obtained with pectin in this study could be attributed to the fact that pectin molecules formed hydrogen bonds with each other and cross-links that enhanced the date-tamarind leather's ability to resist the deformation caused by the texture analyzer's probe as explained by Huang and Hsieh (2005) for pear fruit leather.
Product classification: Cluster analysis A cluster analysis (considering 64 types of fruit leathers) based on Ward's method revealed 4 groups named Group 1, Group 2, Group 3, and Group 4 at a level of similarity/distance 14 ( Figure  2 , Table 3 ). Hannon et al. (2005) used principal component and cluster analyses to classify cheeses based on their key chemical indices and grouped them into 5 clusters. In the cases of 12 commercial custard desserts, De Wijk et al. (2003) identified 4 cluster groups of vanilla custard desserts based on sensory and instrumental mouth feel. The specific textural characteristics of each group could be explored by applying PCA as discussed in the following section and could be used to identify what types and levels of hydrocolloids should be used to develop desired types of date-tamarind fruit leather.
Product classification: Principal Component Analysis (PCA) The PCA analysis of the same groups identified by cluster analysis shows five principal components (84.1% of total variance) had an Eigen values close to 1 (Kaiser criterion; Rahman and Al-Farsi, 2005) . These principal components (PC 1, PC 2, PC 3, and PC 4) explained 37.2, 26.5, 11.8, and 8.6 of total variance, respectively. The first axis was correlated with moisture content, hardness, and resilience and corresponds to a descriptor of strength and fight back ability (i.e., deformation and structural damage of first compression). The second axis was strongly correlated to concentration of hydrocolloid and chewiness 1, and corresponds to the elasticity (i.e., deformation of first and second compression). The third axis was strongly correlated to cohesiveness 1, resilience and adhesiveness (i.e., regain ability of the internal structure and surface stickiness). The fourth axis correlated with gumminess 1, adhesiveness, and resilience (i.e., net regain of structure after first compression-decompression) (Figure 3 ). The PCA of mechanical characteristics for dates at different moisture content showed that two factors "plastic nature" and "elastic nature" of the dates are affecting the process (Rahman and Al-Farsi, 2005) . The increase of the 5 factors affecting the date-tamarind fruit leather mechanical characteristics as compared to only 2 factors in the case of date fruits indicated the complexity due to the addition of tamarind, and hydrocolloids type and concentration. Figure 3 presents the bi-plot including all date-tamarind fruit leathers and their composition and mechanical characteristics. In the Figure 3A , the products and attributes are plotted considering principal component 2 versus principal component 1. The group 1 on the right hand side of the PCA plot includes hard and chewy (i.e., hard-chewy) leathers. On the direction of the gummy characteristic, the group 2 includes soft and gummy leathers (i.e., soft-gummy). The group 4 includes hard and adhesive leathers (i.e., hard-adhesive). The group 3 corresponds to soft and medium-adhesive (i.e., soft-adhesive) leathers. The formulation could provide 2 hard and 2 soft products with varied elastic characteristics. Figure 3A shows some overlap of the groups 3 and 4. For this reason, plots of principal component 3 and principal component 4 versus principal component 1 were also Dendogram of the cluster analysis for date-tamarind fruit leather [GR 1: group 1; GR 2: group 2; GR 3: group 3; GR 4: group 4; the order of the samples from left to right are as follows: Group 1 (S256, D170, D184, S242, D384, D270, D284), Group 2 (S356, S370, S184, S270, S284, S384, P284), Group 3 (G156, G170, P170, P184, P270, P342, P356, P228, P328, P242, P370, P128, P142, P156, G142, S170, S142, D156, S156, S128, D142, S228, D128, P256, G256, G228, G242, D356, S328, S342, D242, D256), Group 4 (D228, D370, D328, D342, C-O, C-S, B028, B056, B042, B070, B084, P384, G184, G270, G284, G128, C-G, C-M). For sample identification, the letter corresponds to the first letter of the hydrocolloid name, the first digit indicates the concentration of the hydrocolloid and the last two digits indicate the time of drying'; C: commercial; B: blank, S: starch, P: pectin; D: dextrin; G: guar gum; O: orange; M: mango, S: strawberry] checked (figures are not shown). Figure 3B shows the plot of principal component 3 versus principal component 1 and indicates better separation of group 3 and group 4. However group 2 shows a mix in between groups 3 and 4. The plot of principal component 4 versus principal component 1 did not show any improvement, thus it was excluded. Similarly commercial halwa, a dessert (i.e., sweet jelly) made up mainly of starch, sugar, water, ghee, and flavored with saffron, nuts and/or rose water, was grouped into four classes as softresilient, soft-springy-cohesive, soft-springy, and hard-chewy (Rahman et al., 2012) . In addition various formulations could be classified by close matching to the commercial products (Lassoued et al., 2008) . Therefore, this type of classification could guide to develop products with different desired textural characteristics.
Conclusion
The effects of moisture contents, and hydrocolloids (types and concentration) showed varied trends on different mechanical characteristics (i.e., each hydrocolloid affected the characteristics in different pattern). Sixty four fruit leathers were classified into 4 classes of fruit leathers as hardchewy, soft-springy, hard-fragile and soft-resilient leathers. The date-tamarind fruit leathers with 3% pectin (moisture: 29.7 g/100g sample), 1% guar gum (moisture: 43.4 g/100 g sample) and 2% guar gum (moisture: 11.7 g/100 g sample) matched the commercial hard-chewy fruit leather. Similarly developed tamarind-fruit leathers with 3% dextrose (moisture: 29.3 g/100 g sample) and blank without hydrocolloid (moisture content: 25.0 − 35.0 g/100 g sample) matched the commercial soft-springy fruit leather. Thus, date-tamarind fruit leathers could be developed by matching the textural characteristics of commercial fruit leathers.
